Acute alcohol challenge has been associated with a selective impairment of right hemisphere function. A hallmark of visuospatial neglect syndrome is that patients with right hemisphere lesions misbisect horizontal lines far rightward of veridical center. Neurologically intact subjects misbisect lines with a systematic leftward bias (pseudoneglect). Neuroimaging studies in neurologically intact subjects reveal predominant right hemisphere activation during performance of line bisection tasks. The current study assessed whether acute alcohol challenge alters global visuospatial attention. Subjects (N=18; 10 male; strongly right-handed; mean age=23 years) engaged in a forced-choice tachistoscopic line bisection task in both ethanol challenge (mean BAC=.077) and no ethanol control conditions. Mean leftward bisection error in the control challenge condition was −0.238 degrees visual angle (1.05% line length), and leftward bisection error significantly increased (p=.001) under ethanol challenge (−0.333 degrees visual angle, 1.47% line length). Mean bisection precision in the control condition was 0.358 degrees visual angle (1.58% line length); bisection precision significantly deteriorated (p=.008) under ethanol challenge (0.489 degrees, 2.17% line length). Decreased bisection precision indicates that ethanol disrupts the fidelity of visuospatial performance. The exaggerated leftward bisection error implies that ethanol may exert a differential effect on left versus right hemispheric function with respect to the control of global visuospatial attention.
INTRODUCTION
Ethanol influences many aspects of visual performance: it decreases visual acuity (Mortimer, 1963; Wilson & Mitchell, 1983) , spatial contrast sensitivity (Pearson & Timney, 1998; Roquelaure et al., 1995) , particularly for moving targets (Andre et al., 1994; Nicholson et al., 1995) , and critical flicker fusion frequency (Pearson & Timney, 1998; Virsu et al., 1973) . It also modestly degrades color vision (Wallgren & Barry, 1970; Watten & Lie, 1996 , Hill & Toffolon, 1990 , as well as accommodation (Watten & Lie, 1996) , stereoscopic depth perception (Hill & Toffolon, 1990; Neill et al., 1990; Watten & Lie, 1996; Wegner & Fahle, 1999; Nawrot et al., 2004) , and motion perception per se (MacArthur & Sekuler, 1982; McNamee et al., 1980; Bates, 1989; Nawrot et al., 2004) . Ethanol delays the initiation and decreases the velocity of saccadic eye movements, and reduces the speed and accuracy of slow eye movements (Guedry et al., 1975; Baloh et al., 1979; Moser et al., 1998; Holdstock & de Wit, 1999) , hence impairing perception of depth from motion parallax (Nawrot et al., 2004) .
Ethanol also affects attention. Its effect on divided attention is robust (Moskowitz & Depry, 1968; Hamilton & Copeman, 1970; Moskowitz & Sharma, 1974; Leigh et al., 1977; Vuchinich & Sobell, 1978; Landauer & Howat, 1983; Moskowitz et al., 1985; Post et al., 1996; 2000; Schulte et al., 2001) . Even modest doses interfere with the ability to efficiently multitask, and there is a marked increase in task-switching costs (Newman et al., 1997) . Ethanol impairs performance on vigilance tasks, which require the maintenance of attention continuously over time (Rohrbaugh et al., 1987; 1988; Schulte et al., 2001) . Ethanol reduces the amplitude of components of the event-related potential (ERP) associated with reflexive (exogenously recruited) attention and decreases the potency of exogenous cues to capture attention (Jaaskelainen et al., 1996; Jaaskelainen, 1999) . Covert (voluntary) attention is also affected. Ethanol decreases cue-validity effects in Posner-type detection tasks for targets presented in left hemispace (i.e., to the right hemisphere), and increases cue-validity effects for targets presented in right hemispace (to the left hemisphere) (Fillmore et al., 2000; Schulte et al., 2001) . Ethanol impairs the ability to tightly focus attention at fixation, and compromises the ability to covertly attend to peripheral regions (Canto-Pereira et al., 2007) . Thus, while there is much evidence suggesting that it exerts a powerful influence on numerous facets of attention, its effect on the deployment of global visuospatial attention has yet to be assessed.
Global spatial attention refers to that type of environmental monitoring that is continuously deployed across a wide expanse of space, including perhaps regions that lie outside the visual field (i.e., overhead or behind). Disruptions of visuospatial attention (i.e., global spatial attention confined to the visual field) are a hallmark of the clinical neurological syndrome known as hemispatial neglect.
Line bisection is commonly used in the clinical assessment of hemispatial neglect, a syndrome typically (but not exclusively) associated with vascular lesions of the right hemisphere (Vallar & Perani, 1987; Cappa et al., 1991; Mesulam, 2000; Na et al., 2000; Kerkhoff, 2001) . In line bisection tasks subjects manually mark, or otherwise indicate, the perceived midpoint of a horizontal line. Patients with hemineglect bisect lines far rightward of true center (Robertson & Halligan, 1999) . There is consensus that while both left and right parietal cortices participate in the deployment of spatial attention to right hemispace, the right hemisphere is uniquely responsible for deploying attention into left hemispace (Heilman & Van Den Abell, 1980; Weintraub & Mesulam, 1987) . Lesions to the right hemisphere therefore often render patients pathologically inattentive to left hemispace.
This hemispheric specialization hypothesis of neglect is further supported by the phenomenon known as "pseudoneglect" (Bowers & Heilman, 1980; Jewell & McCourt, 2000) , which refers to the systematic misbisection of lines to the left of veridical midpoint made by neurologically intact observers. This leftward error in normal observers is a corollary of the profound parietal asymmetry in attentional control that underlies hemineglect syndrome. Thus, in normal observers, leftward bisection error is theorized to be a byproduct of the right hemisphere's prepotent vector of attention into left hemispace (McCourt, 2001; McCourt & Jewell, 1999; . Functional imaging (fMRI) studies have established the pivotal role played by the right hemisphere in the performance of line bisection tasks Fink et al., 2000; 2002) . High-density electrical mapping techniques have also revealed that spatial judgments in line bisection tasks are associated with enhanced activity in right cerebral cortex; the time-course of these scalp-recorded electrical potentials, and the locations of the putative intracranial generators, have been described in detail (Foxe et al., 2003) .
A variety of studies has suggested that ethanol exerts a differential influence on the two cerebral hemispheres, with most studies disclosing a selective deleterious effect on right hemisphere function. For example, during ethanol challenge the relative amplitude of visual evoked potentials is shifted in favor of the left hemisphere (Lewis et al., 1969; Rhodes et al., 1975; Sternberg et al., 1994) ; ethanol decreases the right hemisphere fMRI BOLD response to visual stimuli (Levin et al., 1998) , and decreases right hemisphere regional cerebral blood flow (Wendt et al., 1994 ; but see Volkow et al., 1988) . Ethanol selectively impairs perception of the "global" level of hierarchical patterns (Lamb & Robertson, 1987) , increases choice reaction time (Chandler & Parsons, 1977; Poppel & Steinbach, 1986) , and increases detection thresholds and inspection times for stimuli presented in the left visual field (Damkot & Frysinger, 1978; Kostandov et al., 1982) .
Present Study
The present study used forced-choice tachistoscopic line bisection to assay the effect of acute ethanol intoxication on global visuospatial attention. We have two predictions. First, because ethanol has a putative differential effect on right versus left hemisphere function we hypothesized that intoxicated subjects would, compared to their performance in a nonintoxicated control condition, exhibit decreased pseudoneglect as indexed by smaller leftward error (or a frank rightward bias) in the line-bisection task. Second, because ethanol exerts a general deleterious effect on a variety of behavioral capacities, such as increasing sensory thresholds (Zulauf et al., 1988; Watten et al., 1998; Pearson & Timney, 1998; Andre et al., 1994; Nicholson et al., 1995) and reaction times (Young, 1970; Chandler & Parsons, 1977; Poppel & Steinbach, 1986; Canto-Pereira et al., 2007) , we hypothesized that ethanol-challenged subjects would, compared to their performance in a no-alcohol control condition, exhibit decreased precision in their bisection judgments.
METHODS

Subjects
A total of 18 right-handed subjects (10 male, mean age = 23.0 years; 8 female, mean age = 23.0 years) participated in the experiment. All subjects were at least 21 years of age. Subject laterality was assessed using a standard instrument (Oldfield, 1971) on which a composite score of −100 denotes exclusive left-handedness, and +100 denotes exclusive right-handedness. The mean laterality score for male subjects was +78.5 (S.E. = 7.1); that for female subjects was +75.0 (S.E. = 6.6). There was no significant difference in mean age or laterality across male and female subjects, t 16 = 0.0, p = 1.00 and t 16 = 0.36, p = 0.72, respectively; all subsequent inferential statistical tests were therefore conducted on data collapsed across subject sex. No subjects reported any neurological abnormalities, and all possessed normal or corrected-tonormal visual acuity. Subjects were instructed to refrain from eating for one hour prior to the experiment. All subjects provided informed consent forms and responded to a list of 11 exclusionary criteria: e.g., prior drinking problems, familial history of alcoholism, characterizing oneself as a "non-drinker" (less than 2 drinks per year), etc. Four subjects endorsed one or more list items and were excluded from the study. After the alcohol challenge subjects were allowed to leave the laboratory when their blood alcohol content (BAC) fell below 0.05%. Taxi service was provided. Subjects were monetarily compensated for their participation. The experiment was conducted in accordance with the ethical standards described in the 1964 Declaration of Helsinki, and all procedures were approved by the Institutional Review Board of North Dakota State University.
Instrumentation and Calibration
Subject responses were collected by computer and stimuli were presented using CRT monitors driven by graphics adaptors with 640 × 480 pixel resolution. Monitor frame refresh rate was 60 Hz. Luminance and contrast calibrations were made using a spot photometer (Konica Minolta model LS-110).
Ethanol Administration and Measurement
Subjects were requested to abstain from alcohol use for 24 hours prior to both sessions. Prior to each session blood alcohol concentration (BAC) was estimated using an Intoxilyzer 5000 (CMI Inc., Owensboro, KY) which is an evidentiary breath analyzer using infra-red absorption. Prior to each session subjects had a BAC of zero.
In the ethanol challenge condition subjects were administered a dose of 0.8 g/kg body weight, delivered as a mixture of 100 proof Vodka and orange juice designed to achieve a BAC target level of 0.1%. The total dose was delivered in four equal installments given at 10 minute intervals. BAC was assessed by breath analysis. BAC as measured using the Intoxilyzer has excellent agreement with venous blood analysis (Jones et al., 1992) . Factory calibration was checked with a wet bath alcohol breath simulator (Toxitest Model ABS 120, CMI Inc., Owensboro, KY). The first four BAC measurements were taken immediately prior to the administration of each dose. Twenty minutes following the fourth and final dose, BAC was measured to determine whether subjects' readings had reached the target BAC. In the event that BAC was not in range, 10 additional minutes were allowed to elapse at which point BAC was remeasured and the line bisection task was initiated. Subjects commenced the line bisection task at the plateau stage of intoxication (BAC levels from 0.06-0.11%). The line bisection task took between 5-7 minutes to complete. Following completion of the line bisection task BAC was measured every 25 minutes until the reading fell below .05%.
Stimuli
Stimuli were horizontally oriented lines of 100% Michelson contrast presented on a gray background (mean luminance = 50 cd/m 2 ). At a viewing distance of 45 cm lines subtended 22.6° in width by 0.39° in height. All lines were pre-transected prior to presentation. Transectors were located at 25 positions ranging from +/−0.89° visual angle relative to veridical line center. This range of transector locations was sufficient to produce near-asymptotic "left" or "right" judgments in control subjects. 
Procedure
Subjects were seated upright in straight-backed chairs in a dimly lit room. Their midsagittal planes were aligned with the display monitor, and viewing distance and head orientation were controlled using a chinrest. On each trial subjects made single-interval forced-choice decisions regarding transector location relative to perceived line midpoint by depressing either the left or right mouse button as appropriate. Button orientation corresponded to the axis of perceptual discrimination (i.e., the "left" response button was to the left of the "right" response button). Subjects responded using both right and left hands in separate blocks of trials. Order of hand use was counterbalanced within and across subjects. Response time was unlimited. All statistical tests are conducted on mean bisection performance averaged across the two hands.
Tachistoscopic presentation (McCourt & Olafson, 1997 ) was used to control for scanning eye movements. Pre-transected lines were presented for 150 ms; inter-trial intervals were variable since subsequent trials began 750 ms following previous responses.
In each experimental session subjects made eight "left-right" judgments in conjunction with each line transector location. Each determination of subjective line midpoint, described below, was therefore computed based on 200 (25 transector locations × 8 judgements per location) forced-choice bisection trials. Line transector position was randomly interleaved within blocks of trials.
Design and Analysis
Each subject completed two experimental sessions (ethanol challenge, no ethanol) separated by a minimum of 24 hours (and up to 1 week). The order of completion of the sessions was randomized with the constraint that order was counterbalanced across participants.
The dependent measure was the proportion of trials on which subjects indicated that the transector was located to the "left" of perceived line midpoint. The method of constant stimuli was used to derive psychometric functions; nonlinear regression was performed to fit a cumulative Gaussian distribution to these psychometric functions by method of least-squares. The cumulative Gaussian function is described by the equation:
where x is transector location, β is the x-axis location corresponding to the mean of the underlying Gaussian density function (i.e., the transector location at which left-right responses occur with equal frequency = p.s.e.), and σ is its standard deviation (SD). The parameters x, β and σ are expressed in degrees visual angle. The expression (erf) refers to the error function, an approximation to the cumulative Gaussian distribution.
Based on these least-squares fits, the transector location corresponding to a 50% "left" response rate (β) was extracted, as well as the distribution's standard deviation (σ). The transector location for which "left" and "right" responses occur with equal frequency is known as the "point of subjective equality" (p.s.e.) and is an objective measure of perceived line midpoint. Subsequent inferential statistical tests including one-sample and paired sample t-tests were conducted on these regression-determined values of p.s.e. and standard deviation. The tstatistics were used to calculate estimates of effect size using the formula d = 2t/√df (Cohen, 1988) . By convention, an effect size of +/−0.2 is considered to be a small effect, a value of +/ −0.4 is a moderate effect and a value of +/−0.6 or greater is considered a relatively large effect (Cooper & Hedges, 1994) .
RESULTS
Bisection Accuracy (Bias)
Figure 2 plots mean p.s.e (+/− 1 s.e.m.) for the two conditions. With regard to bisection accuracy, the mean leftward bisection error recorded in the control condition was −0.238 degrees visual angle (1.05% line length). A one-sample t-test indicates that this leftward error differed significantly from zero [t 17 = −4.14, p<.001, d = −2.01]. The mean leftward bisection error observed in the ethanol challenge condition was −0.333 degrees visual angle (1.47% line length). A one-sample t-test indicates that this leftward deviation also differed significantly from zero [t 17 = −5.77, p<.001, d = −2.80]. The surprising principal finding is that, contrary to our hypothesis, leftward bisection error significantly increased during ethanol challenge [t 17 = −3.88, p=.001, d = −1.88; paired-samples t-test]. Figure 3 plots the mean standard deviation (σ, +/− 1 s.e.m.) of the cumulative normal distributions used to fit the psychometric data, as a function of experimental condition. Individual values of σ were obtained by fitting cumulative normal distributions (equation 1) to each subject's psychometric data. The value of σ is inversely related to the slope of the psychometric function as it passes through the point of subjective equality (p.s.e.) Thus, the steeper the slope of the psychometric function, the smaller is the value of σ, and the narrower is the range of transector locations over which "left" judgments transit to "right" judgments. Small values of σ indicate that observers are highly sensitive (i.e., can respond differentially) to changes in transector location around the p.s.e. and that perceived line midpoint is judged with a high degree of precision. Note that bisection accuracy (bias) and precision are independent anddissociable measures of bisection performance. Figure 3 illustrates that with regard to bisection precision, the mean value of σ in the control condition was 0.358 degrees visual angle (1.58% line length). During ethanol challenge the mean value of this regression parameter rose to 0.489 degrees (2.17% line length), which is consistent with our prediction, and represents a significant increase over values recorded in the no ethanol control condition [t 17 = 3.03, p=.008, d = 1.47; paired-samples t-test].
Bisection Precision
DISCUSSION Bisection Accuracy (Bias)
Surprisingly, contrary to our expectation of reduced leftward bias (pseudoneglect), the effect of ethanol on visuospatial attention was to exaggerate the tonic leftward error typically found in line bisection tasks.
The significant leftward bisection error of subjects in the control condition (−0.238 degrees visual angle; 1.05% line length) is comparable (in terms of effect size) to that reported in numerous previous studies using the forced-choice tachistoscopic line bisection procedure (McCourt & Jewell, 1999; 2001a; 2005 b; McCourt, 2001; Foxe et al., 2003) , and replicates the nearly universal finding that neurologically normal observers exhibit a significant leftward error on line bisection tasks, i.e., display pseudoneglect (Jewell & McCourt, 2000) . It should be noted that there was no significant differential effect of the ethanol and no-ethanol treatments which depended upon the order of their administration.
The profound rightward shifts in perceived line midpoint exhibited by hemineglect patients and the systematic leftward shifts evinced by neurologically intact observers are theorized to be twin manifestations of the right hemispheric dominance for the allocation of spatial attention. According to the hemispheric specialization theory of spatial attention (Heilman & Van Den Abell, 1980; Weintraub & Mesulam, 1987 ) the exaggerated (40% greater) leftward shift in perceived line midpoint of neurologically intact subjects under acute ethanol challenge could imply that alcohol potentiates right hemisphere dominance for the allocation of spatial attention.
Ethanol exerts effects on both excitatory (glutamatergic) and inhibitory (GABAergic) neurotransmission (Nie et al., 2000; Ticku & Mehta, 1995) . One functional outcome of such influence is a significant reduction of lateral inhibition in visual processing at mesopic adaptation levels following ethanol intake (Johnston & Timney, 2008) . Based on such neurochemical influences an alternative interpretation of our results follows from the activation-orientation theory of attention (Kinsbourne, 1973; 1993) , according to which the two cerebral hemispheres compete for control of various functions, including spatial attention, in an opponent fashion. According to this explanation the exaggerated leftward bisection error induced by ethanol might not reflect an absolute increase in right hemisphere dominance, but could instead result from reduced left hemisphere competition. A direct test of these alternative explanations could be made by recording event-related potentials associated with line bisection performance, using a high-density electrode montage (Foxe et al., 2003) . A within-subject comparison of the (predominantly right-hemispheric) bisection-related activations in ethanol challenge versus control conditions would be informative. If ethanol induces an increase in the "gain" of right hemisphere networks which allocate spatial attention, then the amplitude of the difference wave termed the "line-bisection effect" (Foxe et al., 2003) should be larger for subjects in the ethanol challenge condition. On the other hand, if the increased leftward bisection error results from a selective impairment of left hemispheric function, then a decrease in the amplitude of the difference wave recorded over the left hemisphere is predicted.
One possible consequence of exaggerated leftward directed attention is a relative inattention to right hemispace. In locomotor tasks normal subjects collide more frequently with obstacles on the right than on the left (Turnbull & McGeorge, 1998; Nicholls et al., 2007; . One implication of our findings is that ethanol might exaggerate this propensity to collide with right-hand obstacles, perhaps even translating into a preponderance of right-hand-related collisions in motor vehicle accidents involving alcohol intoxication. This hypothesis might be tested by assaying the deployment of attention of intoxicated subjects in a driving simulation, or by analyzing motor vehicle accident records (across both left-and right-hand driving countries).
Bisection Precision
Similar to results for bisection accuracy (p.s.e.), bisection precision in the control condition is similar to that observed in previous studies using the forced-choice tachistoscopic line bisection procedure (McCourt & Jewell, 1999; 2001a; 2005 b; McCourt, 2001; Foxe et al., 2003) . The decrease in bisection precision caused by ethanol challenge, indexed by the significant increase in the value of the regression parameter sigma (σ), which implies elevated thresholds for the discrimination of transector position, indicates that ethanol impairs the fidelity of spatial localization. This result parallels prior observations that ethanol causes reductions in other visuoperceptual capabilities such as spatial contrast sensitivity (Zulauf et al., 1988; Andre et al., 1994; Nicholson et al., 1995; Pearson & Timney, 1998) , spatial frequency discrimination (Watten et al., 1998) , and visual reaction time (Young, 1970; Chandler & Parsons, 1977; Poppel & Steinbach, 1986; CantoPereira et al., 2007) . Bisection Accuracy (Bias). Mean p.s.e (±1 s.e.m.) is plotted as a function of experimental condition. Mean leftward bisection errors in both control and intoxicated conditions were significantly leftward of zero: t 17 =−4.14, p<.001, d =−2.01 and t 17 = −5.77, p<.001, d =−2.80, respectively. A paired-samples t-test discloses that ethanol causes a significant increase in bisection error: t 17 = −3.88, p=.001, d = −1.88. Bisection Precision. The mean standard deviation parameter (+/− 1 s.e.m.) is plotted as a function of experimental condition. A paired-samples t-test discloses that ethanol causes a significant increase in the standard deviation of the cumulative normal function used to fit the psychometrics, indicating decreased bisection precision: t 17 = 3.03, p=.008, d = 1.47.
